Recently, the Gravesʼ Recurrent Events After Therapy score (GREAT) was proposed as a useful tool to predict relapse before starting antithyroid drugs (ATD) in patients with Gravesʼ disease (GD). Therefore, we intended to assess the validity of the GREAT score in Turkish patients with GD, including patients who experienced a poorly controlled disease (multiple episodes of hyperthyroidism followed by euthyroidism or rarely hypothyroidism) during ATD dose titration. This is a retrospective multicenter study including 517 patients with the first episode of GD who were treated for at least 12 months. The patients were classified as relapse + poorly controlled disease (non-remission) and remission groups. During a median follow-up time of 35 months (12-144 months), 191 (37 %) patients experienced a relapse, 136 (26.3 %) a poorly controlled disease, and 190 (36.7 %) remained in remission. Patients with non-remission disease tended to have significantly higher serum levels of TRAb, fT4, and fT3, and have larger goiter sizes on palpation at baseline, as compared with the remission group. Non-remission disease occurred in 12, 35, and, 53 % of the patients falling into GREAT class I, II, and III, respectively (hazard ratio 2.56, 95 % CI 2.02-3.51, p = 0.012, and hazard ratio 3.54, 95 % CI 2.12-5.
Introduction
Gravesʼ disease (GD) is the most common cause of hyperthyroidism in iodine-replete areas of the world [1] . Currently, treatment options for GD include antithyroid drugs (ATD), radioactive iodine (RAI) treatment, and total thyroidectomy [2] . ATDs, including methimazole and propylthiouracil, are currently the first treatment option, particularly in Europe and Asia [2] . However, relapse occurs in 30-60 % of the patients with GD after the withdrawal of ATDs, regardless of the ATD regimen method used [3] . On the other hand, ATDs are also associated with some side effects, which may be severe, and even fatal [4] . Therefore, the selection of patients with a higher probability of long-lasting remission, and the prediction of relapse before the start of ATDs are of paramount importance. Several individual factors, including orbitopathy, smoking, goiter size, severe biochemical hyperthyroidism, and persistent high TRAb levels have been suggested to be associated with a high risk of relapse after ATD withdrawal, but the exact outcome has generally been difficult to predict [5] . Recently, Vos et al. proposed the Gravesʼ Recurrent Events After Therapy score (GREAT and GREAT + ) as a tool to predict relapse before starting ATD in Dutch patients with GD [6] . They concluded that the GREAT score has a great potential for the selection of optimal treatment strategy in individual patients with treatment-naive GD [6] . Subsequently, in a retrospective study, Struja et al. assessed the validity of the GREAT score in Swiss patients with GD [3] . They also concluded that, although not perfect, the GREAT score was a practical and reliable tool to predict the risk of relapse, before the start of ATD treatment in patients with GD [3] . However, before its implication in clinical practice, it should be validated in different patient populations.
The clinical presentation, disease course, and response to ATDs differ among patients with GD. For instance, while a subset of patients with GD enters a full remission after ATD withdrawal, a considerable number of patients may experience several episodes of hyperthyroidism after titration of ATD dose [7] . Likewise, in a minority of patients treated with ATDs, a rare condition consisting of a growing goiter in association with undetectable TSH, relatively low fT4, and high fT3 levels may develop [8] . Moreover, a minority of patients may also experience hypothyroidism from hyperthyroidism or vice versa, even after a minimal change in ATD dose, a condition known as brittle hyperthyroidism [9, 10] . In general, all of these conditions are known as the poorly controlled disease, and a change in ATD dose is often required for several times during the follow-up period. However, the efficacy of the GREAT score for the prediction of the poorly controlled disease has not been assessed so far. Therefore, in this retrospective multicenter cohort study, we intended to assess the validity of the GREAT score in Turkish patients with GD, including a subgroup of patients who experienced a poorly controlled disease (multiple episodes of hyperthyroidism followed by euthyroidism, or rarely hypothyroidism, ensuing after ATD dose titration) during treatment with ATDs.
Patients and Methods

Patients
This study includes 517 (374 female and 143 male) patients with the first episode of Gravesʼ disease who were treated with the ti-tration regimen method of ATDs, during the period January 2006-January 2018, in 5 endocrinology referral centers across Turkey. Patients < 18 years old, pregnant patients, ATD treatment < 12 months, follow-up < 12 months, patients with subclinical hyperthyroidism, patients who developed any kind of hyperthyroidism during treatment with amiodarone, patients with major side effects of antithyroid drugs, and patients with a history of thyroidectomy or RAI treatment were not included in the study. All patients were classified as relapse + poorly controlled (non-remission) and remission groups, according to the follow-up data. All patients received methimazole at an initial dose of 10-30 mg/day, and methimazole was adjusted to maintenance doses (2.5-5 mg/day), determined by circulating serum fT4 and fT3 concentrations. However, patients with minor side effects of methimazole were switched to appropriate doses of propylthiouracil. Generally, the clinical and biochemical evaluation was carried out before the start of treatment, monthly during the first 3 months, subsequently at 3-month intervals, and immediately before treatment withdrawal. Post-treatment follow-up was performed at 3-6-month intervals. GD was defined as clinical hyperthyroidism with or without orbitopathy associated with suppressed or undetectable serum TSH, elevated serum fT4 and/or fT3 levels, diffuse hypoechoic ultrasonographic appearance of the thyroid gland, high TRAb levels or high uptake of 99m-Tc pertechnetate in association with clinical, biochemical, and follow-up findings in patients with normal TRAb titers. Poorly controlled disease in this study was defined as the multiple episodes of clinical and/or biochemical hyperthyroidism followed by euthyroidism and rarely hypothyroidism, ensuing after titration of ATDs during at least one-year follow-up in patients with compliance to treatment. However, to render the patients euthyroid as quickly as possible, the patients with the poorly controlled disease were generally followed-up at monthly intervals after each ATD dose titration. Relapse was defined as overt clinical and biochemical hyperthyroidism after the withdrawal of ATDs. The classification of patients according to the GREAT score was performed as previously reported by Vos et al. [6] . The study protocol was approved by the local ethics committee.
Clinical and laboratory data
Clinical and laboratory data were obtained through computer records of each center. The following data of each patient at first admission were recorded: The age, gender, goiter size according to the WHO classification (0-III), serum TSH, fT3, fT4, TRAb, anti-TPO, and anti-TG antibody levels, presence or absence of orbitopathy, smoking status, the type of ATD used, date of start and withdrawal of ATD, treatment duration, date of relapse, and application of definitive treatment, if any. Orbitopathy was classified according to Wernerʼs criteria as absent (class 0-1) or present (class 2-6: the presence of inflammatory signs, proptosis, extraocular muscle, and corneal involvement) [11] .
Laboratory analysis to detect serum TSH, fT3, fT4, anti-TPO, and anti-TG levels was performed on the day of admission in each study center, after phlebotomy and appropriate centrifugation. The serum of patients to assess TRAb levels were stored at -20 °C, until were assessed weekly. Serum TSH, fT3, fT4, anti-TPO, and anti-TG levels were assessed by direct chemiluminescence immunoassay method in all centers (Cobas Elecsys, Roche Diagnostics, Manheim, Germany, and Siemens, ADVIA Centaur XP Immunoassay System, Tarrytown, NY, USA). Serum TRAb levels were assessed by chemiluminescence immunoassay, TRAb-Fast ELISA, and radioimmunoassay methods (Cobas Elecsys, Roche Diagnostics, Manheim, Germany, Euroimmun AG Seekamp, Lübeck, Germany, and anti-rTSH, RIA kits, Immunotech, Beckman Coulter, Prague, Czech Republic) in different study centers. The normal laboratory reference values for TRAb, as were established by the manufacturers, were < 1.5 IU/l for the first 2 assay methods, and < 1.75 IU/l for the last assay method.
Statistical analysis
In this study, we carried out the same statistical analysis as were previously done in the original and external validation studies of the GREAT score [3, 6] . As shown in ▶ Table 1 , we also used the same predetermined cut-off values for the dichotomization of data [3, 6] . To estimate the association of predetermined risk factors with the non-remission disease, we used Cox proportional hazards regression models. Kaplan-Meier method was used to demonstrate the cumulative rate of remission over follow-up time. The discriminative ability of the GREAT score for prediction of relapse was estimated using the area under the receiver operator curve (AUC). Categorical and continuous variables were analyzed by Pearsonʼs chi-squared test and independent samples t-test (or Mann-Whitney U-test), as appropriate. Analysis of variance (ANOVA) followed by post-hoc analysis (Tamhane T2) was used for multiple comparisons. All significance tests were two-sided, and p < 0.05 was considered statistically significant. The statistical analysis was performed using PASW Statistics 18 for Windows statistical software package (IBM Corp., Armonk, NY, USA).
Results
In this study, during a median follow-up time of 35 months (12-144 months) 191 (37 %) patients experienced a relapse, 136 (26.3 %) had a poorly controlled disease, and 190 (36.7 %) remained in remission. Relapse occurred in 71 % of the patients within the first year after ATD withdrawal and in 29 % more than one year after ATD withdrawal. On the other hand, 86 (63 %), 30 (22 %), and 20 (15 %) patients with the poorly controlled disease were followed-up for 12-24, 25-36, and > 36 months, respectively. However, a permanent euthyroid state could not be achieved in the majority of these patients. Due to the quite similar pretreatment clinical and laboratory characteristics, patients with relapse and poorly controlled disease were combined in a single group. The characteristics of patients classified as remission, relapse and poorly controlled disease as separate groups and in combination as a non-remission group are presented in ▶ Table 2 . In this study, patients in the non-remission group tended to have significantly higher serum levels of TRAb, fT4, and fT3, and have larger goiter sizes on thyroid palpation, as compared with the remission group (▶ Table 2 ). The non-remission disease was also significantly more frequent in male patients, and patients with orbitopathy, as compared with female patients and patients without orbitopathy (p < 0.001 for both comparisons, Pearsonʼs chi-squared test). Among 143 male patients, remission and non-remission disease were observed in 31 (21.5 %) and 112 (78.5 %) patients, respectively. Whereas among 374 female patients, remission and non-remission disease were observed in 159 (42.5 %) and 215 (57.5 %) patients, respectively. Likewise, orbitopathy was observed in 36 (19 %) and 124 (38 %) patients with remission and non-remission disease, respectively.
Among study patients, 470 (83.2 %) were treated with methimazole and 87 (16.8 %) with propylthiouracil. No major side effect of ATDs was observed among study participants during the follow-up period.
In this study, a gradual increase in the risk of non-remission disease was observed with an increase in the GREAT score. Non-remission disease occurred in 12, 35, and, 53 % of patients falling into GREAT class I, II, and III, respectively (HR 2.56, 95 % CI 2.02-3.51, p = 0.012, and HR 3.54, 95 % CI 2.12-5.91 p < 0.001).
In univariate analysis, significant relationships were found for TRAb, age < 40 years, FT4 > 40 pmol/l, and goiter sizes II and III with the non-remission disease, whereas no significant relationship was found for fT3 (data not shown). However, in multivariate analysis, a significant association was only found for larger goiter size with the non-remission disease (▶Table 3). The GREAT score showed a fairly good discriminative ability with an AUC of 0.806 (95 % CI 0.766-0.845), for the prediction of non-remission disease. Relapse developed in 4 patients after 72 months of follow-up, of whom 3 were classified as GREAT class I, and 1 as class III. The cumulative rate of remission over 2 years follow-up period is shown in the Kaplan-Meier curve (▶Fig. 1).
Discussion
Although there is not any best treatment modality for GD yet, the answer to the basic question "which one of the currently available treatments is the best initial treatment option for GD?" has always been controversial. The main reason for this controversy is the high likelihood of relapse occurring after treatment with ATDs, and almost inevitable occurrence of permanent hypothyroidism after total thyroidectomy and RAI treatment. Therefore, to find an ap-▶Table 1 Parameters used in the GREAT score and the cut-off values of each parameter.
Parameter
GrEAT score Age propriate answer to that question, the prediction of relapse before starting treatment with ATDs has become an active area of research. Several studies have been conducted so far to assess the risk of relapse in patients with GD before starting treatment with ATDs. Until recently, different individual clinical, biochemical, genetic, and behavioral parameters, including goiter size, the presence of Gravesʼ orbitopathy, severe biochemical hyperthyroidism, TRAb level, HLA genotype, and smoking status have been assessed to predict the risk of relapse [5, 12, 13] . But, no studies have yet found the best individual parameter to predict the risk of relapse before starting ATDs.
Recently, Vos et al. proposed the GREAT and GREAT + scores, a combination of clinical and laboratory parameters, to predict the risk of relapse before the start of ATDs in patients with GD [6] . They found a relapse rate of 16, 44, and 68 % in patients classified as GREAT class I, II and III, respectively [6] . Afterward, Struja et al. performed an external validation of the GREAT score [3] . In their study, the distribution of relapse according to GREAT class I, II and III was 33.8, 59.4 and 73.6 %, respectively (HR 1.79, 95 % CI 1.42-2.27 and HR 2.24, 95 % CI 1.64, 95 % CI 1.64-3.06). In our study, the corresponding distribution of non-remission disease according to GREAT class I, II, and III was 12, 35, and 53 %, respectively, and was in agreement with that reported in the original study of Vos et al. [6] .
One of the main differences of our study from the original and external validation studies is the inclusion of a subgroup of patients with a poorly controlled disease. This situation is troublesome for both the patient and the physician and requires frequent clinical and biochemical control. Unfortunately, this subgroup of patients has not been included in most studies predicting the outcome of ATDs. Although the inclusion of this subgroup of patients in our study may have contributed to a lower rate of remission, we believe ▶Table 2 Characteristics of patients with treatment-naive GD before starting treatment with ATDs. that the inclusion of this subgroup of patients reflects the daily practice more accurately. As demonstrated in ▶ Table 2 , patients with the poorly controlled disease had a borderline higher mean TRAb levels compared to patients with relapse, otherwise, they shared the same clinical and biochemical features with patients who experienced a relapse. Hence, relapse and the poorly controlled disease may be the two sides of the same coin. While the majority of patients with the same features develop a relapse after ATD withdrawal, another minority may develop a poorly controlled disease during treatment with ATDs. That is why patients with relapse and those with the poorly controlled disease were combined in a single group in our study. However, in a study carried out by Kim et al. in Korean patients with GD, the patients with homogeneously distributed TRAb epitope on TSH receptor have failed to discontinue ATD during 24 months of treatment due to the several episodes of hyperthyroidism ensued after ATD dose titration, compared to patients with heterogeneously distributed TRAb epitopes on TSH receptor [14] . Their study suggests that some molecular pathways may also contribute to a poor response to ATDs. Although there is not enough data to explain the characteristics and frequency of poorly controlled cases, the number of patients with the poorly controlled disease among the participants of our study seems to be high. This situation might be multifactorial, including the larger goiter sizes of patients with Gravesʼ disease, the geographical difference in iodine consumption, the strict inclusion criteria as well as the ethnic and genetic background of the study population. For instance, while CTLA4-49 polymorphism was not associated with relapse in the original study of Vos et al. [6] , it was suggested as a risk factor for relapse in Turkish patients with GD [15] . However, there is no study so far to explain the exact cause of the high number of poorly controlled cases during ATD treatment in our country. The results of uni-and multivariate analysis in our study were also in agreement with that reported by Vos et al. [6] . In univariate analysis, significant associations were found for TRAb levels > 6 IU, younger age at disease onset, higher fT4 levels, and larger goiter size with the non-remission disease, while in multivariate analysis, a significant association was only found for larger goiter size (▶Table 3). Therefore, according to the results of the present study, the GREAT score showed quite good external validity in Turkish patients with GD. The GREAT score could not only predict the risk of relapse but could also predict the occurrence of poorly controlled disease during treatment with ATD.
Although an association between smoking status with relapse and poorly controlled disease was not found in our study, the non-remission disease was significantly more frequent in male patients and patients with orbitopathy, as compared to female patients and patients without orbitopathy. As illustrated in the results section as well as in ▶ [16, 17] . However, in a recent systematic review and meta-analysis, male sex was not associated with relapse of GD [5] . The results of the studies investigating the association between Gravesʼ orbitopathy and relapse is also controversial. Some studies have found a relationship between severe orbitopathy and relapse [18] . In the aforementioned systematic review and meta-analysis, an association was also found between orbitopathy and relapse, while in the studies conducted by Vos et al. and Struja et al., no relationship was found between orbitopathy and relapse of GD [3, 6] . Therefore, the association between male sex and orbitopathy with relapse should be investigated in further studies. However, as reported previously, we also could not find a relationship between smoking status, serum fT3, anti-TPO, and anti-TG antibodies with relapse [3, 6] .
Our study has several limitations. First of all, given its retrospective study design, it is subject to reporting bias. Second, a genetic analysis could not be performed in patients classified as GREAT class II. Third, in our study, we included patients with > 12 months follow-up, while Struja et al. included patients with > 24 months follow-up in their study [6] . However, only 10 % of the patients included in our study were followed-up for < 18 months, and the majority of patients were followed up for > 24 months. Keeping in mind the high frequency of relapse during the first year after ATD withdrawal, and the low number of patients with < 18 months follow-up, we donʼt believe that our results may have been affected by this negligible difference. And finally, the treatment duration and regimen in our study is different from the original study of Vos et al. [6] . While Vos et al. treated the patients for 1 year with the blockreplace regimen, the patients with relapse and poorly controlled disease in our study were treated for 21.8 ± 9.5 and 26.4 ± 13.27 months with the titration regimen, respectively. This discrepancy is mostly due to the retrospective design of our study. In Turkey, we generally treat the patients with GD for an extended period of time, before irreversible definitive treatment ensued. Nevertheless, as a Cochrane database study demonstrated that the treatment duration > 18 months has no additional benefit on the remission rate [19] , we do not believe that our study results might have been influenced by different treatment duration. The similarity between the predictive performance of the GREAT score in our study and the original study support our assertion as well. Although the block-replace regimen is associated with a slightly higher rate of remission (OR 0.86, 95 % CI 0.68-1.08), it is also associated with a higher frequency of adverse events [19] . Therefore, we generally prefer the titration regimen to avoid adverse events. Considering the small effect of treatment regimen on treatment outcome, we also do not believe that our study results might have been affected by different treatment regimen. On the other hand, the strength of this study derives from the inclusion of a relatively high number of patients with appropriate laboratory, treatment, and in a majority, long term follow-up. Furthermore, it is the first study to report that the GREAT score can also predict the occurrence of the poorly controlled disease before starting ATDs. For the reasons mentioned above, our study population is an evident example of daily practice in our country and probably abroad.
Conclusion
According to the present multicenter cohort study, The GREAT score is a useful tool to predict the risk of relapse before starting ATD in patients with GD. The risk of relapse is gradually increased from GREAT class I through class III. The GREAT score is also a helpful tool to predict the occurrence of the poorly controlled disease during treatment with ATDs. Therefore, the GREAT score could be used in clinical practice to predict the outcome of treatment with ATDs in patients with treatment-naive GD.
